Improved water quality reduces diarrhea, but the impact of improved water quality on Ascaris and Trichuris, soil-transmitted helminths (STH) conveyed by the fecal-oral route, is less well described.
INTRODUCTION
Diarrhea is a leading cause of morbidity and mortality globally. Diarrhea is of particular concern for children. It causes an estimated 1.3 million deaths among children younger preceding the survey (Ministerio de Salud Pública y Asistencia Social ). In 2008, diarrheal diseases accounted for approximately 5,000 deaths in Guatemala among all ages, or 6% of the total number of deaths in that country (World Health Organization a).
Although not often a direct cause of mortality, intestinal helminthiasis is one of the most common diseases worldwide, infecting an estimated 1.5 billion (10 9 ) people and occurring in the poorest and most underserved communities (World Health Organization b). Guatemala has many cases of soil-transmitted helminthiasis (STH), more than most other countries in Latin America (Hotez et al. ) .
An estimated 7.9 million people in Guatemala are infected with Ascaris and 8.6 million are infected with Trichuris, among other intestinal helminths (Hotez et al. ) . Diarrheal diseases can be transmitted by contaminated drinking water, and interventions that improve the microbiologic quality of water are effective diarrhea prevention measures (Clasen et al. ) . However, the association between water quality and STH is not as well characterized.
Pooled estimates from a 2014 meta-analysis showed a 33% reduction in the odds of STH infection associated with water, sanitation, and hygiene (WASH) practices or access; most of these studies focused on sanitation but water-related practices and access also appeared to reduce the odds of STH (Strunz et al. ) . While the fecal-oral transmission cycle of A. lumbricoides and T. trichiura is well known, either through direct ingestion of contaminated soil, such as with young children, or through foodborne transmission from eating uncooked produce contaminated with soil containing infective eggs (Ensink et al. ;
Klapec & Borecka ; World Health Organization a, b), much less is known about a possible role for waterborne transmission.
In 2010, we conducted a cross-sectional survey within the municipio (county) of Nueva Santa Rosa (NSR) in the Departamento (state) of Santa Rosa in Guatemala to estimate the burden of diarrhea and STH in this population.
In addition to this primary objective, the cross-sectional survey had several secondary objectives, one of which was a WASH pilot study, which involved household water quality testing. In this paper, we report the findings of the water quality testing from this pilot study and explore the possible associations between fecally contaminated water in NSR and disease, specifically diarrhea and STH.
METHODS

Study area
Guatemala is divided administratively into 8 regions, within which are 22 Departamentos. In total, 10,770 PRA roofs were identified and formed the sampling frame.
The main cross-sectional survey, to be described in a subsequent paper, required a sample of 387 PRA roofs that were randomly selected from among the 10,770 PRA roofs in the sampling frame. Study staff then attempted to find these 387 roofs in the field and identify their associated households. Subsequently, informed consent for household participation was obtained from the head of each household. A household spokesperson (preferably the female head of household) was interviewed on behalf of all household occupants. However, anyone was free to speak on their own behalf about his/her own health and behaviors. The household spokesperson was surveyed using a standardized questionnaire.
Diarrhea was self-or proxy-reported. Four questions based on ones used for local hospital-based public health surveillance activities were asked. First, for each household member, the spokesperson or individual was asked (1) if he/ she had diarrhea (loose stools) in the past month. If an affirmative answer was given to this screening question, three additional questions were asked: (2) how many days ago was the last episode of diarrhea, (3) how many days in total did the diarrhea last, and (4) during the worst day of diarrhea, how many loose stools did the person have. Diarrhea was defined as 3 loose stools in a 24-hour period. 
RESULTS
Population description
Of the 387 randomly selected PRA roofs, 12 (3.1%) were not Water quality testing was not performed in 37 households with 188 residents. These individuals were excluded from diarrhea-and STH-related analyses. The remaining data from 732 individuals was analyzed for associations between water quality and diarrhea (the diarrhea analysis sub-group).
In this sub-group, 581 (79.4%) of participants had E. coli-positive water indicating fecal contamination of their water (Table 2) . Of these, 58 (7.9%) reported diarrhea in the past week, and 103 (14.1%) reported 3 loose stools within a 24-hour period in the past month. Of the 732 people with water quality testing, 187 were excluded from the STH analysis sub-group (Figure 2 ): 176 (24.0%) who had no stool testing, two (0.3%) who tested positive for hookworm, and nine (1.2%) who were <1 year old. In the STH analysis subgroup, data from the remaining 545 participants were analyzed: 79.3% (432) had E. coli-positive water and 6.6% (36) tested positive for A. lumbricoides and/or T. trichiura.
Prior to doing the diarrhea analysis, we checked whether there were differences among the group of individuals without water testing (n ¼ 188) 'excluded' as compared to those with water testing (n ¼ 732) 'included.' We found only three significant differences between the 'excluded' and 'included' groups ( Figure 2 ) -a significantly higher percentage of the 'excluded' individuals used public taps (62.8%
vs. 10.0%, p < 0.001) and stored their water at home (98.4% vs. 82.0%, p ¼ 0.02). However, a significantly lower Water quality was measured by the presence of Escherichia coli (E. coli), a marker of fecal contamination, in a water sample taken from the household's main source of drinking water (i.e.
a faucet connected to a municipal water system, a backyard well, a river, a lake, commercially bottled water, or another source). This sample (approximately 100 mL) was then poured into a previously unopened water collection container (Hach ® bottle), according to accepted practices (World Health Organization 1997).
b
The spokesperson for one household said his main source of drinking water was the water his neighbor gave to him. This water, collected on the participating household's property, tested positive for E. coli. a Soil-transmitted helminthiasis (STH) diagnosed in a single stool specimen, which was processed using the Mini Parasep ® FPC method, examined microscopically, and found to be positive for Ascaris lumbricoides and/or Trichuris trichiura. b The household possessions factor represented household possessions, mother's education, and household wall construction.
c The animal ownership factor represented a household's livestock ownership.
d Lower population density defined as population density <1,000 people/km 2 . e Crowded homes defined as >2.5 people per bedroom, the median of people per bedroom in the dataset.
f Finished floors include wood, vinyl, ceramic tiles, cement, carpet, and brick versus earthen (sand, dung, straw, or saw dust).
g Improved water sources included taps, boreholes, protected wells, rainwater, and commercially bottled water.
h Water treatment was self-reported as anything done to the water after collection to make drinking water safer for consumption, including boiling, adding bleach/chlorine, adding iodine, straining water through a cloth, using a water filter (ceramic, sand, composite), using solar disinfection, letting water stand/settle, or adding a flocculant. i The World Health Organization recommends a minimum free chlorine residual level of 0.2-0.5 mg/L at the point of delivery for water that is centrally treated and 0.2 mg/L in stored household water treated by chlorination (World Health Organization 2011).
The majority (79.4%) of source water samples tested had fecal contamination as indicated by the presence of E. coli and, as noted previously, very few people had recommended levels of free chlorine residuals (0.2 mg/L) in their source water (2.7%).
Demographic and household environmental characteristics varied among those with diarrhea vs. those with STH (Table 3) . For example, the percentage of individuals in the upper category of the household possessions factor (i.e., household possessions factor >0), was larger among those who reported diarrhea (40.7% and 44.8% in the past 7 days and past month, respectively) than among those with STH (8.6%). On the other hand, the percentage of individuals in the upper category of the animal ownership factor, was lower in individuals with diarrhea (9.3% and 11.5% in the past 7 days and past month, respectively) than in individuals with STH (34.3%). Differences were also noted for population density, household crowding, and age, but were greatest for finished floors: 66.7% and 68.3% of those with diarrhea had finished floors versus only 22.2% of those with STH.
In univariable modelling, no statistically significant association was found between fecal contamination of water and either diarrhea in the past 7 days or in the past month (Table 4 ). E. coli contamination of water was associ- (Table 4 ). This modeling showed that the household possessions factor, finished floors, crowded homes, improved water sources, animal ownership factor, and household water storage were confounders that had an effect on the association between water quality and STH (Table 5) . Conversely, being an adult (15 years old), reporting drinking treated water, living in a lower population density area, and having chlorine-positive water did not confound the associations between water quality and STH.
Because of sparse data and issues with quasi separation, we could not check for interaction between confounders or between confounders and water quality. Our analyses using survey methods did not account for the sparse data issue that occurred with STH as the outcome in this analysis (only one individual had STH infection and E. coli negative water). Therefore, we repeated the analyses using exact logistic regression, addressing the sparse data issues (but not adjusting for the sample design, i.e., clustering and weighting). The results showed the same general trend and the same statistically significant factors in our previous analyses remained significant when accounting for the sparse data issues alone (data not shown). in the past 7 days, and (2) 3 loose stools within a 24-hour period in the past month.
† Hookworm was excluded because it is not transmitted by the fecaloral route. Children <1 year of age who had stool testing but for a bacterial and viral sub-study were excluded. § Soil-transmitted helminthiasis (STH) diagnosed in a single stool specimen, which was processed using the Mini Parasep ® FPC method, examined microscopically, and found to be positive for Ascaris lumbricoides and/or Trichuris trichiura. These two parasites are transmitted by the fecal-oral route. reported, not all participants are represented in this figure. þ Self-or proxyreported diarrhea (loose stools) in the 7 days before the survey. § Self-or proxyreported 3 loose stools within a 24-hour period on at least one day in the past month before the survey. **Soil-transmitted helminthiasis (STH) diagnosed in a single stool specimen, which was processed using the Mini Parasep ® FPC method, examined microscopically, and found to be positive for Ascaris lumbricoides and/or Trichuris trichiura.
DISCUSSION
Our findings of an association between water quality, using a Soil-transmitted helminthiasis (STH) diagnosed in a single stool specimen, which was processed using the Mini Parasep ® FPC method, examined microscopically, and found to be positive for Ascaris lumbricoides and/or Trichuris trichiura. b The household possessions factor represented household possessions, mother's education, and household wall construction.
d Lower population density defined as population density <1,000 people/km 2 .
e Crowded homes defined as >2.5 people per bedroom, the median of people per bedroom in the dataset. f Finished floors include wood, vinyl, ceramic tiles, cement, carpet, and brick versus earthen (sand, dung, straw, or saw dust).
h Water treatment was self-reported as anything done to the water after collection to make drinking water safer for consumption, including boiling, adding bleach/chlorine, adding iodine, straining water through a cloth, using a water filter (ceramic, sand, composite), using solar disinfection, letting water stand/settle, or adding a flocculant. i The World Health Organization recommends a minimum free chlorine residual level of 0.2-0.5 mg/L at the point of delivery for water that is centrally treated and 0.2 mg/L in stored household water treated by chlorination (World Health Organization 2011). a Self-or proxy-reported symptoms in the 7 days before the survey.
b Self-or proxy-reported symptoms on at least one day in the month before the survey. the recall period, which was the past 7 days or the past month, for diarrheal episodes in children likely gives an underrepresentation, especially of milder disease (Zafar et al. ) . Second, this cross-sectional study was not e Improved water sources included taps, boreholes, protected wells, rainwater, and commercially bottled water.
f The animal ownership factor represented a household's livestock ownership.
g Water treatment was self-reported as anything done to the water after collection to make drinking water safer for consumption, including boiling, adding bleach/chlorine, adding iodine, straining water through a cloth, using a water filter (ceramic, sand, composite), using solar disinfection, letting water stand/settle, or adding a flocculant. h Lower population density defined as population density <1,000 people/km 2 .
designed to capture practices over time. Households whose members were recently sick with diarrhea may have been prompted to treat their water, reversing the relationship between water quality and diarrhea in the household. We tried to investigate this further with the data we had, but were unable to detect differences in reported recent household water treatment practices among those with diarrhea as compared to those without. Third, we were unable to subset our analyses for persons with diarrhea onset more recently than 7 days and used the simple presence or absence of detectable E. coli in a 100 mL sample of water as an indicator of water quality because of limitations of sample size and power -this was a sub-study within a WASH pilot study that itself was embedded within a larger cross-sectional survey. Previous studies have shown that a stronger correlation between water quality and diarrhea is found when samples are tested close to the time of the diarrheal episode and when higher cutoffs for E. coli contamination, such as >100 or >1,000 E. coli per 100 mL are used to define water quality (Luby et al. ) . Lastly, there was limited power to detect a statistically significant association between water quality and diarrhea since this was a sub-study within a WASH pilot study that itself was embedded within a larger cross-sectional survey.
However, the study power for the STH/water-quality analysis was also limited. In this sub-study, logistical constraints limited us to testing a single stool specimen, although a single stool test is known to be less sensitive for detecting STH infections than testing two or three stools from the same person (Knopp et al. ) . Therefore, the STH results in this study likely under-represent the true burden of disease, biasing the results towards the null.
Furthermore, this study relied on the FPC method of diagnosis, which is less sensitive than the Kato Katz method (Goodman et al. ) . Thus, the observed association in this pilot study between water quality and STH but not between water quality and diarrhea is even more surprising.
However, unlike diarrhea, STH infection was evaluated by an objective laboratory test and was therefore not subject to recall, courtesy, or other biases that can influence self-reported outcomes or behaviors. Additionally, the association between water quality and STH infection was found even with a smaller sample size for the STH/waterquality analysis than that for the diarrhea/water-quality analysis because stool testing was performed on even fewer people.
There are many potential risk factors for STH, including being school-aged, living in poverty, lacking access to sanitation, and drinking untreated water (Strunz et al. ) .
We observed that lower SES, unfinished floors in the home, crowding in the home, and using unimproved sources for drinking water appeared to be confounders in our models, modifying the associations between water quality and STH (Table 5 ). These confounders might truly have stronger effects on STH infection than water quality. Alternatively, there could be a more complicated web of associations among the entangled factors of poverty, poor housing, poor water quality, and disease. SES is a marker for a complex group of poorly understood circumstances that seems to affect the risk for many diseases. Unfortunately, the small sample and sparse data in this pilot study limited our ability to check for effect modification and further explore the possible association between water quality and STH.
CONCLUSIONS
The association between water quality and STH infection observed in this pilot study warrants further study. Replication of these results is important since the association between water quality and STH was found to be modulated by finished floors, crowded homes, obtaining water from an improved water source, storing water at home, and by fac- 
).
Ensuring microbial water quality is important in preventing many diseases; STH might also belong in this group and therefore water treatment might be one of multiple WASH-related tools to add to the STH control program armamentarium. Given the high human health burden caused by waterborne diseases and STH, efforts to prevent and control these diseases will advance global health. We believe further investigation is warranted into the association between water quality and STH observed here. If a causal relationship is found, advancing water treatment interventions that could contribute STH control would be vital.
